Summary A hip fracture results in a lower quality of life and a cost of £30,000. In this study, one-leg standing time (OLST) had a negative linear relationship to the risk of a hip fracture. OLST could be a useful tool to assess the need for fracturepreventive interventions. Introduction A hip fracture immobilizes, restricts autonomy, shortens life expectancy, and results in a cost of £30,000 in the UK health care system. However, effective preventive treatments can be offered to high-risk individuals. Impaired postural balance is an important risk factor for hip fractures, and the aim of this study was to evaluate whether OLST can predict hip fractures in elderly women. FRAX is the most established fracture risk assessment tool worldwide and a secondary aim was to relate the predictive ability of OLST to that of FRAX in this population. Methods Three hundred fifty-one women aged between 69 and 79 years were timed standing on one leg up to 30 s with eyes open and assessed with FRAX. Fracture data was obtained from registers. Results The main outcome, a hip fracture, occurred in 40 of the 351 participants (11.4 %). The age-adjusted risk of a hip fracture was 5 % lower with 1 s longer OLST (Hazard ratio 0.95, 95 % CI 0.927-0.978). The relation between OLST and hip fracture risk was linear. Harrell's c was 0.60 for FRAX and 0.68 for OLST adjusted for age. Conclusion With 1 s longer OLST, the risk of a hip fracture decreased significantly by 5 %. This risk reduction was not explained by differences in the classic fracture risk factors included in FRAX. OLST had a predictive ability similar to FRAX. OLST is an easily performed balance test which may prove to be valuable in the assessment of hip fracture risk.
Introduction
For the affected individual, a hip fracture immobilizes, restricts autonomy for a shorter or longer period of time, and may also shorten life [1] . A hip fracture also results in great costs for society; every hip fracture is estimated to carry a lifetime cost of £30,000 in the UK health care system [2] . Since there are several effective preventive treatments [3] [4] [5] , it is very important to identify individuals at high fracture risk.
The risk of falls is an important risk factor for skeletal fractures [6] . Of all hip fractures, 98 % result from a fall, and 76 % of hip fracture patients have fallen directly on the side without first taking up a part of the force with the hands [6] . Physical exercise has been shown to decrease both falls and fractures [7] [8] [9] so effective treatment could be offered to those with a high risk of falling, if they were identified.
There are several methods developed to estimate the risk of falls [10] and fractures [11] . For example, simply answering "yes" to the question "Do you have impaired balance?" resulted to a 3.13 times higher risk of a hip fracture during the following 5 years, than answering "no" in a recent Swedish twin study by Wagner and colleagues [12] .
FRAX is a freely available Internet tool, developed by WHO, that combines major clinical risks factors for fractures with or without the result of a measurement of bone mineral density. FRAX predicts the 10-year absolute risk of hip fractures and major osteoporotic fractures (hip, spine, wrist, and upper arm). FRAX's estimations are based on data from large country-specific, population-based cohorts. The absolute risks are calculated from 11 or 12 different parameters, 12 if bone mineral density (BMD) of the femoral neck is available. These 12 parameters are all well-documented risk factors for skeletal fractures. The fracture risk estimated by FRAX is often used as a determinant of further investigation and treatment, e.g., in the 2012 national guidelines from the Swedish National Board of Health and Welfare and the 2012 National Institute for Health and Clinical Excellence (NICE) Clinical Guidance "Osteoporosis: fragility fracture risk" [13] . As a measurement of predictive accuracy, the area under curve (AUC) for the receiver operating characteristic curves (ROC) has been calculated for FRAX in several different populations, and for women, it varies between 0.7 and 0.73 [14] [15] [16] [17] for hip fractures and between 0.64 and 0.83 for major osteoporotic fractures in different studies [14] [15] [16] [17] [18] [19] [20] . Fall risk was excluded from FRAX because there was no uniform measure of falls used in the studies which made up the basis for the FRAX algorithm [21] .
The one-leg standing test has been studied under many different names such as one-leg stance, one-leg balance, one-legged stance, one-legged balance, one-legged standing, unipedal stance, unipedal balance, unipedal standing balance, standing on one leg, one-foot standing, single-leg standing, single-leg stance, single-limb stance, balance on one foot, and unilateral stance [22] . A collective property of all these tests is that they measure the time an individual can stand on one leg, the one-leg standing time (OLST). OLST has been shown to be a good predictor of falls [23, 24] , and it has a good testretest reproducibility and inter-rater reliability [25] [26] [27] [28] . In an Australian study by Nitz and colleagues, the ability to repeatedly stand on one leg for 10 s with eyes open was able to predict future falls [29] .
Karkkainen and colleagues also showed that an inability to stand on one leg for 10 s increased the risk of a hip fracture ninefold in a cohort of Finnish women [30] . Testing one-leg balance would be an appealing way to assess the fracture risk in elderly women. It is quick, cheap, and does not require any previous training on the part of the examiner.
The aim of this study was to examine whether OLST could predict hip fractures in elderly women and further to compare the predictive ability of OLST with that of FRAX in this population.
Methods

Population
A cohort of 351 free-living women, aged 69-79 (mean age 73 years) were tested regarding OLST and all FRAX parameters, including femoral neck BMD, between 1999 and 2001. These women were part of the PRIMOS project (PRIMary health care and OSteoporosis). Inclusion criteria for participation in the study were as follows: being a woman born between 1920 and 1930 and living in the Bagarmossen area, a suburb of Stockholm in Sweden. Of the 937 eligible women, 584 were sent written invitations to participate in the study and 351 women agreed to participate [31] . Of the eligible 937, all 284 women born between 1926 and 1930 were invited. Of the women born between 1920 and 1925, a random sample was invited (Fig. 1) . Although it was not a condition for invitation, participants had to be physically capable of transporting themselves from their home to the primary health care center to be able to participate. All participants were examined by the same physician. and made two attempts on each leg to stand up to 30 s. The arms were to be kept straight by the sides. Time was kept with a digital stopwatch and was stopped if the participant made contact with any part of the room with any other part of the body than the supporting foot. The longest of the four times obtained was used in this study. OLST has an intraclass correlations coefficient between 0.6 and 0.75 for inter-rater reliability and 0.95 for test-retest reproducibility [25] [26] [27] .
Bone mineral densitometry
Bone mineral density measurements were conducted by the same trained staff both in 1999-2001 and in 2009 using Hologic QDR 4500 DXA equipment (Hologic, Waltham, MA, USA). Calibration was performed daily with a phantom. The NHANES-III reference population was used for the calculation of T-scores. Glucocorticoids : Exposed to oral glucocorticoids for >3 months at a dose equivalent to prednisolone of ≥5 mg/day. Rheumatoid arthritis: Diagnosis of rheumatoid arthritis either reported by the participant or obtained from patient medical files. Secondary osteoporosis: Any of the following diagnoses either reported by the participant or obtained from patient medical files: Type I (insulin-dependent) diabetes, osteogenesis imperfecta in adults, untreated long-standing hyperthyroidism, hypogonadism, or premature menopause (<45 years), chronic malnutrition or malabsorption and chronic liver disease Alcohol 3 or more units/day: A daily consumption of ≥24 g of alcohol.
Femoral neck BMD: Measured at the left femur if not replaced by hip implant when the result from the right side was used instead. Method, see under the heading "Bone mineral densitometry" above.
Statistical methods
Comparison of baseline characteristics of the group with one leg standing <10 and ≥10 s was done using two-tailed t test where assumption of normality was met and Wilcoxon ranksum test otherwise. Comparison for dichotomous variables was performed using Fisher's two-tailed test.
Comparisons between groups in terms of time between inclusion and death were made using Cox regression. To investigate the effects of suspected confounding factors, major risk factors for fractures, including all parameters in FRAX, were added stepwise to the Cox regression model together with our main predictor, one-leg standing <10 s adjusted for age.
The correlation between FRAX and one-leg standing was tested with the Pearson correlation test.
All Cox regression models were tested and accepted regarding Goodness of Fit and the Proportionality Assumption.
Concordance probability, Harrell's c, was estimated from Martingale, Cox-Snell, and deviance residuals.
Because no data were missing in the Swedish death register, no participant was lost to follow-up.
Alpha was set at 0.05, and all analyses were performed with STATA 11.2 (StataCorp LP, TX, USA).
Ethics
Ethical approval for baseline investigations was obtained from the Regional Ethical Review Board in Stockholm in 1997. Informed consent was collected from all participants. In 2007, the follow-up study was approved by the Regional Ethical Review Board in Stockholm.
Results
During follow-up, 40 of the 351 participants (11.4 %) had a hip fracture, 73 participants (20.8 %) had a major osteoporotic fracture, and 99 participants (28.2 %) had a skeletal fracture of any type. The median time of follow-up was 10.1 years (9.2-10.8 years). The median person time at risk was 8.8 years. In the interval between 0 and 30 s, the ageadjusted risk of a hip fracture was 5 % lower if a person could stand 1 s longer on one leg (HR 0.95, 95 % CI 0.92-0.98). The continuously decreasing risk of a hip fracture with increasing OLST from 0 to 30 s is also illustrated in Fig. 2 . This relation was nearly unaffected (HR changed <10 %) when FRAX risk (of a hip fracture) was adjusted for. Consequently, OLST and FRAX risk were also virtually uncorrelated, Spearman's rho was −0.0020.
As in Karkkainen and colleague's study [30] , the participants were divided into two groups, one with OLST of ≥10 s and one with OLST of <10 s ( Table 1 ). The participants in the <10-s group differed at baseline from the ≥10-s group in that they were older, had a higher body weight, a higher BMI, and a higher prevalence of secondary osteoporosis (Table 1 ). In the ≥10-s group 8.1 % of participants had a hip fracture during follow-up whereas in the <10-s group, this event rate was 19.4 %. The difference in event rates between the two groups was significant (p =0.005).
In the age adjusted survival curves in Fig. 3 , the hip fracture rate appears to be higher in the group with OLST <10 s at any point of time during follow up. Cox regression confirms that this observed difference is in fact statistically significant. The OLST <10 s group had an age-adjusted HR of 2.60 (95 % CI 1.36-4.95) regarding the risk of hip fracture, compared to the OLST ≥10 s group. The HR was attenuated >10 % but was still significant after adjustment for femoral neck BMD (Table 2 ). The HR was nearly unaffected (<10 %) by adjustment for any of FRAX's risk factors of hip fracture, weight, height, BMI, previous fracture, parent fractured hip, smoking, glucocorticoid treatment or secondary osteoporosis. No participant consumed alcohol >3 units/day, and therefore, this variable, which is included in FRAX, could not be adjusted for.
To illustrate the additive effect of having an OLST of <10 s when the risk of a hip fracture was high according to FRAX, the quartile of participants with the highest FRAX risks was divided into those with an OLST of ≥10 s and those with an OLST of <10 s (Table 3) . Interestingly, having both a high FRAX risk and OLST of <10 s results in about twice the risk of a hip fracture than having either of those risk factors alone.
Since the follow-up was approximately 10 years and FRAX estimates the 10-year fracture risk we were able to compare the predictive power for hip fractures of OLST with that of FRAX. For this, Harrell's c was determined. Harrell's c is a measure of predictive ability comparable to an AUC for a ROC curve in logistic regression models, but it is designed especially for Cox regression models. For FRAX, Harrell's c was 0.60 and for OLST adjusted for age, 0.68 which indicates a similar predictive ability for OLST as for FRAX.
If FRAX risk and OLST instead were tested in a logistic regression model, thereby by definition missing variations in follow-up time, the AUC would be 0.61 for FRAX, 0.69 for OLST adjusted for age.
Non-participants
The mean age for those who agreed to participate in the study was 73 years, whereas the mean age for the invited women who declined to participate was 74 years. The difference in mean age was significant (p <0.001). Self-reported health and frequency of physical activity were not significantly different between participants and non-participants. The mortality rate during follow-up for the 937 eligible was 35 % compared to 21 % in the study sample. This difference was highly significant (p <0.001).
Discussion
In this study, 1 s longer OLST between 0 and 30 s resulted in a 5 % lower age-adjusted risk of a hip fracture. Having an OLST of <10 s resulted in a 2.6 times higher age-adjusted risk of a hip fracture compared to having an OLST of ≥10 s. This difference was not explained by differences in the classic risk factors included in FRAX. The OLST also seemed to have a predictive ability similar to FRAX in this population. The 2.6 times increased risk of hip fracture in participants who could not stand on one leg for 10 s, as found in this study, is not as great as the risk found in the study by Karkkainen and colleagues [30] where the risk was increased 9.1 times. The difference might be explained by the fact that the population in that study consisted of much younger women aged between 53 and 62 years at inclusion, mean age 59 years. In our study, the women were between 69 and 79 years old, mean age 73 years. Being unable to stand on one leg for 10 s thus would seem to be even more crucial for the risk of hip fractures in younger women.
Our findings are similar to the results of Vellas and colleagues [24] . In that study of 316 men and women with a mean age of 73 years, an inability to stand on one leg for 5 s resulted in a 2.13 (95 % CI 1.04-4.34) times higher risk of an injurious fall during the following 3 years, compared to participants able to stand on one leg for 5 s. The study by Nitz and colleagues on 449 women aged 40-80 years [29] also supports the hypothesis that the ability to stand on one leg is important for the risk of future falls, some of which will result in fractures. The participants made three attempts to stand on one leg for 10 s and were then categorized according to number of failed attempts. The risk of a fall during the 9-year follow-up was significantly higher in the group with three failed attempts than in the group with no failed attempts (OR 2.55, 95 % CI 1.32-4.92).
A strength of our study is that it uses a population-based sample with individuals at an age where fracture prediction often is an important issue. Moreover, no participant was lost to follow-up.
A limitation is that our study had a fairly small sample population. This, of course, makes multivariate model building much more difficult. The participants were also healthier than the general population, as reflected in the fact that they had a significantly lower mortality rate.
The results of our study have to be confirmed in larger cohorts and also in cohorts with lower rates of hip fractures. It would also be interesting to study whether 10-s one-leg standing time has a similar predictive value in populations with other age distributions and also in men. A new model for fracture prediction like this needs to be validated in a population other than that the model was derived from.
In summary, in elderly women, having an OLST of <10 s increases the risk of a hip fracture almost threefold compared to having an OLST ≥10 s. OLST seems to be a risk factor, independent of the classic risk factors for hip fractures. Oneleg balance may prove to be useful as an assessment of hip The effect of being included in one or both of the high-risk groups of FRAX and OLST. 95 % confidence intervals within brackets fracture risk as it is readily performed without special training and with a stopwatch as the only required equipment.
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